Sugar alcohols (or polyols), natural organic compounds, may be used in order to replace sucrose. There are many sugar alcohols administered in dental care and food products, such as maltitol, lactitol, sorbitol, mannitol, erythritol and xylitol.
According to American Academy of Pediatric Dentistry (AAPD), xylitol reduces the levels of Streptococcus mutans (SM) both in the plaque and saliva [1] . Xylitol impairs the glycolysis in SM, resulting in its energy cycle being ineffectual and leading to cell death. Furthermore, it has been proved that consuming effective doses of xylitol causes a diminution of the adhesive properties of SM and reduces other virulence factors, for example lessened acid production. In contrast to other sweeteners, it is not a substrate for the majority of bacteria existing in the oral cavity but a passive substitute for cariogenic sugars. It manifests anticarious action principally against Streptococcus mutans (SM) [2] . It inhibits the growth of SM in the presence of glucose, fructose, mannose, sorbitol and lactose, both in saliva and dental plaque, and decreases the amount of dental plaque [2] [3] [4] [5] [6] . Xylitol affects the adhesion of SM to the enamel.
It has been found that long-term administration may induce the onset of resistant strains, but of lessened virulence compared to the sensitive strains [7] . The metabolism of glucose and production of lactate may recur to previous levels. In the case of sensitive bacteria, it is absorbed into the cell wall of SM as xylulose-5-phosphate (X5P) and inhibits the enzymes of sugar metabolism, reducing the acid-forming properties of the environment of the oral cavity.
Administration of xylitol delays the mother-to-child transmission of SM [2, 5] . According to the AAPD, it is recommended to use 3-8 g of xylitol per day only in syrup form in children below 4 years of age, above that age -3-8 g per day in chewing gum, lozenges, candies and snacks, in both cases divided into at least 2 doses [1] . The findings indicate that applying xylitol syrup in the amount of 8 g daily compared to 2.67 g decreases the incidence of caries by 58% in children [8] . It has been proved that administering about 10 g of xylitol per day provides the greatest benefit [1] . It has been established that using a large dose of xylitol (11.6 g/day) in chewing gum for 6 months in children at high risk of caries is enough to reduce the increment of decayed surfaces in first permanent molars for 2 years [9] . Studies have also proven that applying 5 g of xylitol per day divided into 5 doses impacts the depletion of root caries in adults by 40% (compared to an untreated group) [10] . This may result from the ceiling effect -using more than about 10 g a day has no justification in the significant reduction of the quantity of SM in saliva. According to Milgrom et al. [11] , xylitol in the amount of 6.44 g per day and 10.32 g per day may reduce the quantity of SM in dental plaque over 5 weeks from the initiation of application, and in resting saliva -over 6 months. The authors estimate the ceiling effect for xylitol between 6.44 g and 10.32 g per day. Another study has shown that xylitol intake of 10.32 g daily in chewing gum yields a significant reduction of SM in resting saliva and dental plaque and that an inverse proportion occurs between the frequency of chewing xylitol gum and bacteria count [12] . Oscarson et al. [13] have acknowledged that applying 0.48 g per day and, after 6 months, 0.96 g per day in children over 2 years old has no significant preventive anticarious effect.
For xylitol, as with other polyols, an acceptable daily intake has not been determined. However, it is not absorbed in the small intestine and progresses to the colon where it ferments. Excessive intake (more than 25-40 g per day) may induce loose stool or diarrhea. Other adverse reactions are oral ulcers, cramps, meteorisms and constipation [8] . Symptoms from the gastrointestinal tract are usually observed at the beginning of using the sweetener, and they may be minimized by gradual increase of the daily dose.
Xylitol remains a questionable means in caries prevention. In the USA, xylitol is included in many public and private dental prophylactic programs based on recommendations according to guidelines, both for adults and children (AAPD 2014/15; ADA 2011) [1, 14] . However, in many European countries its application is not always embodied in guidelines concerning caries prevention [8] . It is denoted that more precise studies are necessary to clarify whether it is xylitol that is significant in caries prevention or the alteration of habits (lessened sucrose intake or its complete substitution with a sweetener) and the act of chewing stimulating the salivary flow [15] . Due to its pleasant taste, xylitol increases the flow of saliva, providing calcium, phosphate and fluoride ions for enamel remineralization and acting as a buffer.
The passive effects of using xylitol as a sugar equivalent should not be neglected. Fontana and González-Cabezas [16] have indicated a lower SM possession in mothers after application of chewing gum containing xylitol in comparison to chewing gum with sorbitol and without the application of chewing gum, yet the differences were not statistically significant. Also, the sort of xylitol-containing product and the manner of its consumption (chewing gum, lozenges, syrup, etc.) was significant [17] . The impact of additives to products containing xylitol on the development of oral microbiota is also worth noting. Regrettably, the results of the majority of the available research are evaluated to be of low and very low quality and accordingly, it is difficult to assess whether xylitol-containing products are an efficient means in caries prevention in children, youth and adults [8] .
Aim of the Study
The aim of this paper is to evaluate the content of xylitol in dental care and food products available on the Polish market and their significance in caries prevention.
Materials and Methods
Both dental care and food products containing xylitol were selected based on the literature, informational leaflets and information from manufacturers. In the case of some products available on the Polish market, it was ultimately impossible to ascertain the exact percent composition of xylitol and such products were not included in this paper. The paper does not encompass all xylitol-containing products available on the Polish market.
In the tables, optimal dosages (according to the AAPD) of 3-8 g per day were taken into consideration; only in syrup form for children below 4 years old, and for children above 4 years old, all appropriate products, such as chewing gum, candies, snacks, toothpaste, mouth rinses and other dental care products [1] . However, it is worth emphasizing that, according to the thesis and results of Milgrom et al. [11] , "a dose of 3.44 g/day or less is not likely to show changes in mutans streptococci level".
In the case of toothpastes, 1 serving is stated to be 1-2 cm of the product, or a pea-sized portion, for Nenedent-baby, Dentinox ® (Miralex) toothpaste. It was assumed that a portion of toothpaste or gel (1-2 cm) is approximately 0.5 g; the size of a pea was estimated at about 0.25 g. On this basis, achieving the optimal daily dosage of xylitol by administering only toothpaste is impossible (this would necessitate applying more than 1 tube of toothpaste daily), therefore the amount provided while brushing twice per day has been calculated.
If the mass of 1 piece of chewing gum was not specified by its manufacturer, it was presupposed that it amounts to 1.5 g (the most common weight of 1 piece of chewing gum). Regarding other situations, the information proffered by the manufacturer is included in the table. In the matter of lozenges, it was presumed that 1 piece weighs 1 g (the most common weight); if the manufacturer provided different data, it is included in the table.
Results

Dental Care Products
Toothpastes and gels contain between 10 and 25% of xylitol, as presented in Table 1 . Table 2 shows that mouth rinses contain up to 25% of xylitol, sprays -35%.
Food Products
Chewing gum contains 66-67% of xylitol, as presented in Table 3 .
Candies and lozenges had the highest concentrations of xylitol, between 83% and 96%, as presented in Table 4 .
There are many alternatives to popular snacks available, containing xylitol (Table 5 ).
Discussion
Dental care products intended for oral hygiene, including toothpastes and gels, contain up to 25% xylitol, mouth rinses -up to 25%, sprays -up to 35%, whereas chewing gum contains considerably more -66-67%. The product of the most substantial percent composition of xylitol is a candy KsyliCuksy ® (96%). Among snacks, both products containing large amounts of xylitol and products with lower percentages of xylitol were retrieved.
Ingestion of the recommended daily dose of xylitol using only one type of product is not always manageable. Due to this fact, in daily life it is worth considering to combie different kinds of xylitol-containing products in order to provide the optimal amount of the sweetener, based on the products of its highest concentration, using the others to complement the provision. Regarding children at high risk of developing early childhood caries (ECC), applying a toothpaste containing fluoride and xylitol compared to applying a toothpaste consisting of fluoride and sorbitol does not demonstrate a significant efficacy in reducing ECC [18] . However, in vitro studies suggest that combining fluoride and xylitol in toothpastes aids enamel remineralization [19] . Even so, in a metaanalysis by the ADA, it is stated that there is not enough evidence to acknowledge xylitol-containing dentifrices as preventing caries [14] .
Studies on the efficacy of mouth rinses with xylitol have proven that administering a mouthwash containing 20% of xylitol 5 times per day for 1 minute over 4 weeks significantly lowers the SM count [20] . Preparing a mouth rinse at home requires dissolving 1 g of xylitol in 10 mL of water [21] . Nevertheless, it is believed that xylitol applied in a mouthwash may not have a significant preventive efficacy due to the short time of exposure to the substance in the oral cavity. Experimental application of 4.3 g of xylitol in chewing gum three times daily or 4.4 g in a mouth rinse (2.2 g of xylitol in 20 mL of water twice a day) over 3 months resulted in an insignificant depletion in the count of SM in stimulated saliva [22] . Subramaniam et al. [23] suggest combining sodium fluoride, xylitol and triclosan into a mouth rinse for routine use in children, for the sake of decreasing the amount of SM after 21 days of its application. Decker et al. [24] have noted synergy in the anticarious action of chlorhexidine and xylitol and recommend harnessing such a combination in prophylactic products.
In order to maintain valid oral hygiene in newborns and infants, it is worth considering to use xylitol wipes or sprays instead of a traditional toothbrush with a small amount of toothpaste; such simplification might aid in maintaining oral hygiene in the youngest children. In studies conducted by Zhan et al. [25] , daily cleaning with a xylitol wipe over 1 year lead to reducing caries in children by 14% compared to using non-xylitol wipes [8] . Localized treatment with xylitol after brushing teeth as an addition to daily hygienic habits in children over 6 months brings a reduction in the amount of SM and, at the age of 7, lessened caries frequency [26] . Oral administration of a xylitol syrup (daily dose: 8 g) 2-3 times a day over 1 year results in a diminution of ECC by 58% compared to a syrup of lessened xylitol content [8, 27] . However, the ADA has concluded there is insufficient evidence to acknowledge xylitol syrup as a means of preventing caries in children under 2 years old [14] . The efficacy of using a xylitol-coated dental floss has not yet been assessed, though flossing is the recommended method of removing dental plaque from interproximal spaces.
In order to achieve a preventive effect, a consistent concentration of xylitol in saliva is essential. This may be obtained by frequent application of chewing gum or lozenges, i.e. dissolving or chewed products intended for prolonged holding in the oral cavity [28] . Even so, no significant difference in xylitol concentration in saliva is noted during the first 30 min of the application between using chewing gum (1.32 g of xylitol), lozenges (0.84 g) and mouth rinses (1 g) [21] .
Administering a chewing gum containing xylitol significantly increases the pH level of saliva compared to chewing gum sweetened with sucrose [29] . The report of the ADA on non-fluoride caries-preventive agents has shown that xylitol chewing gum has the best anti-carious effect [14] . The panel concluded that chewing gum should be recommended only for neurologically healthy individuals above 5 years old (due to choking hazard), willing to chew for a longer period [14] . The panel stated that chewing gum sweetened with polyols should be advised both for healthy children above 5 years old and adults who are at high risk of caries, though the recommendation was not unanimous [14] .
Using xylitol-containing chewing gum without brushing teeth may reduce gingivitis. Bleeding from the gums during probing in individuals applying chewing gum with xylitol increased by 0.26; in individuals not using chewing gum -by 0.36 [30] . According to Fraga et al. [31] , a high frequency (5 times a day) of applying chewing gum containing 15% of xylitol, despite the low daily total intake of xylitol (1 g), depletes the amount of SM in saliva. After 30 days of discontinuation, a decrease in the count of SM in saliva was noted, compared to the first evaluation where SM ≥ 10 5 CFU mL/saliva. A study by Ly et al. [12] has proved that ingesting 10.32 g of xylitol in chewing gum daily results in a significant reduction of the SM count in resting saliva and dental plaque and that there is an inverse proportion between the frequency of using xylitol chewing gum and the bacteria count. Antonio et al. [17] , in their literature review regarding candies and lozenges, have noted that such means of applying xylitol may decrease the increment of caries, however they do not appear effective toward the interproximal surfaces of teeth. Shortterm application of chewing gum reduces the SM count in saliva but does not affect the composition of oral microbiota [32] . Using chewing gum (1.33 g of xylitol in 1 piece 4 times per day) over 3 months is sufficient to prevent the increase of SM count in plaque [33] . Research by Runnel et al. [34] suggests that the efficacy of xylitol in caries prophylaxis may depend not only on the frequency of administration during the day but also on an even disposition of servings in time; also, a discontinuation of application, despite its latter resumption, might be significant. In conditions when retaining the usual routine of hygiene is impossible, chewing gum containing xylitol not only reduces the increment of bacteria in saliva but also improves the subjective evaluation of personal oral cavity condition [35] . According to the authors, both chewing gum and candies are recommended, considering the prolonged exposure time of the oral cavity to the xylitol contained. According to Söderling [5] , chewing gum with xylitol up to 3 times daily in pregnant females, and then new mothers, significantly reduces motherto-child SM transmission, though the relevance of sanation of the mother's oral cavity and preservation of appropriate dietary and hygienic instructions should not be neglected. Research by Thorild et al. [2] has shown that administering chewing gum with xylitol (0.65 g of xylitol in 1 piece 3 times a day) by new mothers causes reduced caries occurrence, compared to using chewing gum with the addition of fluoride and sorbitol, but containing less xylitol. According to a meta-analysis of clinical trials with randomization regarding the reduction of the mother-to-child transmission of SM, chewing gum with xylitol causes a statistically-significant depletion of SM transmission, compared to using chewing gum with sorbitol or fluoride or chlorhexidine varnish [36] .
Manufacturers of chewing gum do not specify the amount that should be administered daily in order to achieve a quantifiable prophylactic effect, and, according to our calculations, while using 1 piece of chewing gum after every meal (assuming 5 meals per day) the recommended daily dose would not be attained. Titanium dioxide, affecting the color, moistness and consistency of the products, in the majority of chewing gum, present in the form of nanomolecules, may transfer from the gastrointestinal tract to other organs and accumulate there [37] . In view of the dissemination of chewing gum, abiding by the recommended time and frequency of chewing is vital so as not to instigate bruxism, occlusal parafunctions or pathological tooth attrition. In a meta-analysis by the ADA, it is stated that the benefits of chewing gum with xylitol do not outweigh its risks and, therefore, it should not be recommended to use it after every meal [14] .
Xylitol content in candies varies between 83% and 96%. Similarly to chewing gum, there are no explicit instructions on the amount the customer is supposed to administer. Considering the benefits of applying xylitol lozenges or hard candies, it is recommended to use them after meals in children over 5 years old [13] . Inulin, present in one of the products, is a naturally occurring probiotic, now gaining popularity. The dose of inulin sufficient to achieve a positive influence on enteric microbiota is estimated at about 5 to 8 g per day [38] . In some candies, there are other substances which may posi tively contribute to the condition of the oral cavity, such as cocoa, containing trace amounts of theobromine, which is acknowledged for its regenerating properties, for both the mind and body, and caffeine with invigorating properties. Cinnamon demonstrates antiseptic and fungicidal action. Cardamon arouses the appetite and has slight stimulating properties. Coconut oil is said to have antibacterial, antifungal and antiviral qualities. In a review from 2015, there has been only one paper regarding the efficacy of ingesting xylitol-containing candies (7.5 g per day) in children compared to candies with sorbitol over 36 months, however it was not included in the analysis due to a lack of separate results for permanent and deciduous teeth [8] .
Various additions may support the candies' anticarious action or give them complementary properties. Products with xylitol often also contain different sweeteners, such as stevia -an herbal sweetener. Studies have shown that stevia extract does not aid the development of SM and is not fermented by the components of biofilm [39] . Parsley seed oil has antibacterial, anti-inflammatory, and shrinking properties and improves blood circulation. Bromelain, a blend of protease enzymes occurring in pineapples, is believed to be anti-inflammatory and aids healing. One of the toothpastes in the present study contained eugenol, known for its antiseptic and anesthetic action. Another ingredient of the same toothpaste was cherry blossom extract, which has confirmed anti-inflammatory and soothing properties in products meant for skin care [40] . In traditional medicine, nigella is used to treat inflammation. Licorice is acknowledged for its anti-inflammatory, antiviral, antibacterial and antioxidant action; it also neutralizes redness and swelling. Many species of sage have application in medicine, and aloe aids healing and soothes irritation. However, there are still questions about the amount of certain substances used in those products and their impact on the condition of the oral cavity with reference to xylitol.
According to the most recent Cochrane literature review, there is shortage of EBM data indicating that many of the food and dental care products containing xylitol are efficient [8] . There are a few studies of low quality suggesting that fluoride toothpastes containing xylitol may be more efficient in caries prevention in children than fluoride-only toothpastes [8] . Riley et al. [8] bring up the fact that two studies were conducted by the same authors in the same population. Other studies were evaluated as being of very low quality and were insufficient to determine whether the products containing xylitol may prevent caries in infants, children or adults.
Conclusions
Many dental care and food products available on the Polish market, recommended in caries prevention, contain xylitol in diverse concentrations. Most of the manufacturers do not give direct instructions on the amount that should be administered and do not emphasize the significance of regular xylitol ingestion. The conclusion might be drawn that replacing some of the cariogenic products with their equivalents containing xylitol is possible in many cases, and the aim should be to increase the awareness of patients, particularly parents and guardians in order to administer such products to children. If cariogenic sugars are replaced with non-cariogenic sugar polyols, the occurrence of caries will be diminished.
Though xylitol is included in many dental prophylactic programs as an acknowledged anticarious agent, used regularly and in the right concentration, there is a shortage of EBM data indicating that many of the food and dental care products containing xylitol are effective, apart from fluoride toothpastes with the addition of xylitol. According to the Cochrane literature review, there are a few low-quality studies suggesting that fluoride toothpastes with xylitol may be more efficacious in caries prevention in children than toothpastes containing only fluoride. Other studies were evaluated as of very low quality and are insufficient to determine whether products containing xylitol may prevent caries in infants, children or adults. It is indicated that more precise studies are necessary.
